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Introduction 
Rowing is a discipline dependent upon the 
functional capacities of both aerobic and 
anaerobic energy systems (Secher 1973; 
Steinacker 1993). Racing will take place over 
distance of 2000 meters and lasts 5-8 minutes, 
depending on the different types of boat and 
categories and weather conditions, with a 
relative amount of energy estimated to be 25-
35% from anaerobic and 65-75% from 
aerobic metabolism (Droghetti et al. 1991; 
Ingham et al. 2002; Steinacker 1993). Several 
studies have shown that some anthropometric 
parameters, including body weight and height 
(Secher 1973), appear to greatly affect the 
performance, and the maximum oxygen 
uptake, index of aerobic power, is the best 
predictor of performance in elite rowers 
(Cosgrove et al. 1999; Ingham et al. 2002; 
Secher 1993). In addiction, some evidence is 
that muscle power output, indicator of 
anaerobic power, could be an important 
A N A L YSIS O F A N A E R O BI C PO W E R IN C L UB L E V E L Y O UN G R O W E RS 
Angelo Cataldo1, Dario Cerasola1,2, Giuseppe Russo1, Daniele Zangla1,2, Marcello Traina1 
1!"ort an) E+er-ise !-ien-es “DI!MO5” Resear-8 9nit: 9ni;ersit< o= >alermo: Ital< 
2Italian Rowing Federation 
Abstract 
Aim: To date, assessment of the anaerobic components to determine performance in rowers is not part of 
standard evaluation or monitoring set for training. The aim of this study was to evaluate the relation 
between anaerobic power output and ergometer rowing performance over 2000 meters, in a group of 14 -
17 years old rowers (n = 11).  
Methods" Each sub+ect performed, in three separate da7s, t8o 9all-out; tests, over 20 and 60 seconds, and 
a 2000 meters trial, using a Concept II rowing ergometer. Mean power values over 20 sec (W20) and 60 
sec (W60) were measured and compared with the time to perform the 2000 m trial (t2000).  
Results: Statistical analysis showed high and significant correlation between 2000 meters performance 
(6.90 ± 0.1 min) and anaerobic power over 20 sec (479.5 ± 93.90 watts; r = 0.941, P = 0.00002) and 60 sec 
(435.5 ± 64.60 watts; r = 0.964, P = 0.000002). 
Conclusions: The data of our study confirm that parameters of anaerobic power strongly affect the 
performance and that the determination of these variables by testing on rowing ergometer can be an useful 
tool for planning and monitoring of training in young rowers. 
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predictor of performance (Izquierdo-Gabarren 
et al. 2010; Lawton et al. 2011; Mikulic et al. 
2009; Riechman et al. 2002).  
Despite the race performance also depends on 
external factors such as environmental 
conditions, the use of specific ergometers 
allows faithful reproduction of the technical 
gesture and is useful both for indoor training, 
and for the evaluation of the performance on 
distance race (Schabort et al. 1999). 
In a previous study, performed in a limited 
number of subjects, we have shown the 
existence of a close relationship between 
parameters of anaerobic power and 
performance on rowing ergometer in young 
rowers (Cataldo et al. 2012). 
The aim of this study was to evaluate specific 
anaerobic power in a larger sample of subjects 
using rowing ergometer tests and to confirm 
the relation between anaerobic power outputs 
and 2000 meter rowing ergometer 
performance. 
Methods 
The study involved 11 young male rowers, 
age 14-17, affiliated with a rowing club 
member of the Italian Rowing Federation. All 
of them practiced rowing at least two years. 
All experimental procedures were conducted 
in exercise laboratory of Sport and Exercise 
Sciences  9DISMOT;  Research  Unit  of 
University of Palermo. Each sub+ectJs parents 
gave written informed consent and the study 
was approved by the IRB Committee at our 
institution.  
Anthropometric parameters were measured 
before starting the tests, and stature, body 
mass, and percentage of body fat mass were 
collected. 
All evaluations were performed on a Concept 
II model D air braked rowing ergometer 
(Concept2, Nottingham UK) on three separate 
days of the same week, during the pre-
competitive period. 
Every subject, before each test, warmed up 
for 15-20 minutes on the rowing ergometer, 
according to his usual habits, and then 
performed a maximal effort test over 20 
seconds (the first day) and over 60 seconds 
(the second day). Power output values in 
watts (W) were measured for each stroke and 
displayed by the Concept II PM3 computer, 
and the average power for each test (W20 and 
W60) was calculated. 
On the third day, each participant performed a 
trial over 2000 meter and the time of trial 
(t2000) was chosen as the index of 
performance. 
The results were expressed as mean ± 
standard deviation (SD). For the statistical 
analysis of the data, the time to perform 2000 
meters was used as the dependent variable (y), 
while the power output and the 
anthropometric parameters as independent 
variables (x). To determine the correlations 
between the variables we used the Pearson 
correlation coefficient (r) and the linear 
regression analysis was calculated to identify 
the best predictor of performance. Statistical 
significance was accepted for levels of P < 
0.05. 
Results 
Anthropometric characteristics and power 
output values of subjects, with the 
correlations between measured variables and 
performance, are shown in Table 1. The 
average of time to perform 2000 meters was 
6.90 ± 0.1 min. Among the anthropometric 
parameters, statistically significant correlation 
was found for stature (172.9 ± 4.0 cm; r = 
0.949, P = 0.00001) and body mass (67.3 ± 
8.2 Kg; r = 0.695, P = 0.02). 
Both indicators of anaerobic power, W20 
(479.5 ± 93.90 watts) and W60 (435.5 ± 64.60 
watts), showed highly significant correlation 
with the performance (r = 0.941, P = 0.00002; 
r = 0.964, P = 0.000002 respectively) (Figure 
1; Figure 2). 
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Table 1. Characteristics of the partecipants (n = 11 ; mean ± SD), 
mean power during 20 sec (W20) and 60 sec (W60) all-out test 
and their correlations with performance (t2000).
Mean ± SD r (t2000) P
Age (years) 14.8 ± 1.2 -0.141 ns
Stature (cm) 172.9 ± 4.0 -0.949 0.00001
Body mass (Kg) 67.3 ± 8.2 -0.695 0.02
Body fat mass (%) 12.3 ± 6.6 -0.147 ns
W20 (Watt) 479.5 ± 93.9 -0.941 0.00002
W60 (Watt) 435.5 ± 64.6 -0.964 0.000002
t2000 (min) 6.90 ± 0.4 - -  
 
F igure 1. Linear regression between average 
power over 20 sec and time to perform 2000 
metres. 
 
F igure 2. Linear regression between average 
power over 60 sec and time to perform 2000 
metres. 
Conclusions 
In rowing, the distance of 2000 meters results 
in a maximum commitment of both aerobic 
and anaerobic systems. Moreover, 
anthropometric parameters are highly 
correlated with performance.  
Maximal oxygen uptake, index of aerobic 
power, is considered the best predictor of 
rowing ergometer performance over 2000m 
but to date, assessment of anaerobic 
component to determine performance is not 
part of standard evaluation or monitoring set 
in rowers. 
The data of our study confirm the importance, 
even in young rowers, of the anthropometric 
variables such as stature, a not trainable 
parameter, and body weight. Of particular 
importance is the finding of a highly 
significant correlation between the average 
power outputs over 20 and 60 seconds, and 
the time to complete the 2000 meters. This 
correlation confirms that parameters of 
anaerobic power strongly affect the 
performance and that the determination of 
these variables by testing on rowing 
ergometer can be an useful tool for planning 
and monitoring of training in young rowers. 
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